The influence of modern heat insulation materials on the ecological compatibility and fire resistance of residential and public buildings is considered. The nomenclature of fibrous heat insulation materials from basic rocks of volcanic origin is described. For basalt super thin fibers (BSTF), the production technology is described. The factors negatively influencing the engineering-andeconomical performance of the duplex technology of production of the BSTF are analyzed. The engineering-and-economical performance of innovative enterprises for the production of basalt heat insulation and measures for its use in construction are given.
Introduction
Contemporary trends in construction are such that the requirements to heat consumption for residential and public buildings are getting tougher from year to year ref. [1] . The international community agrees that energy-efficient buildings should not exceed the heat consumption of 70 kW•h per square meter per year. However, today in Ukraine, most of the buildings in which there are heating systems do not meet the modern requirements for heat-retaining properties.
This situation has developed historically, because for long-time prices for fuel and energy resources have been artificially understated in comparison with the world prices ref. [2] . Consequently, under such conditions, measures aimed at Journal of Modern Physics energy saving in construction did not have economic substantiation because the growth of capital expenditures due to the increase of heat-retaining properties of buildings did not formally result in significant savings in heating costs. However, attempts were made to introduce energy-saving measures in construction. For example, within the framework of prefabricated concrete technology, specialized three-layer concrete panels were constructed that had two outer layers of heavy concrete and a cavity intermediate, which was filled with mineral wool insulation under the conditions of a prefabricated reinforced concrete plant. Such a concrete panel was quite energy-efficient and quite fire-safe. In particular, it was made from such panels that the external walling constructions of the four buildings of the Department of heat and mass transfer processes and equipment of the Institute of Engineering Thermophysics of the National Academy of Sciences of Ukraine, built in the 70's of last century. These buildings are relatively energy-efficient. At present, the technology of precast concrete is almost not used in the construction. It was superseded by the technology of monolithic construction, on which the bearing frame of the building is executed from solid monolithic reinforced concrete, and external fencing wall constructions-mainly from brick. Unfortunately, the release of three-layer reinforced concrete panels is accordingly discontinued. With monolithic construction, modern normative heatretaining properties of structures are achieved by arranging an external heatinsulating layer. Recently, regulatory requirements for heat-retaining properties of buildings have been significantly increased (Table 1) .
In these conditions, existing buildings are thermo-modernized (external surfaces are insulated), and in the new construction, the insulation layers are foreseen at the design stage.
But in our view, these processes are of a spontaneous nature and are accompanied by a significant reduction in environmental friendliness and, worse, the fire safety of structures. 
Qualitative Evaluation of Proposals in the Market of Heat Insulation
Most of the thermal insulation materials are completely synthetic, or contain in their composition binders of synthetic origin. The location of synthetic insulating materials and materials on synthetic binders inside the wall constructions, or on the interior surfaces of the enclosing structures, is prohibited by sanitary-hygienic and fire regulations. Such sanitary-hygienic requirements are related to the possibility of diffusion of substances harmful to humans (allergens) at the temperature conditions that occur in residentials. As for the fire protection requirements, even the removal of the insulation layer outside is not effective and leads to a significant reduction in fire resistance of structures, especially many- In our opinion regulatory measures are needed from the state aimed at the fact that technical solutions for heat insulation of facilities should not cause a decrease in their fire resistance, at least if it concerns residential or other facilities with people staying.
Effective Heat Insulation Materials from Basic Rocks of Volcanic Origin
At the same time, heat insulation materials are capable, when used in buildings, not only not to reduce their fire resistance, but, on the contrary, significantly increase their fire resistance. It is to such materials that the heat insulation based on staple basalt fibers belongs.
The raw material for the production of basalt fibers is the basic rocks of magmatic origin-basalts, diabases, andesites and the like. Today, products from these With the help of modern innovative technologies, from basalts produce fibers that are thinner than human hair and have unique useful qualities. These fibers are the primary form of commercial products and on its basis "soft" and "hard"
heat insulating materials are produced.
Depending on the diameter, the staple basaltic fibers are divided into coarse (more than 20 μm), thin (from 4 to 20 μm), super-thin (from 1 to 3 μm), ultrathin (0.5 to 1 μm), microthin (less than 0.5 μm). The diameter of elementary fibers significantly affects their properties-active surface, strength, flexibility, density, elasticity, coefficient of heat conductivity, etc., and thereby determines areas of their scope of use. So, micro-and ultrathin fibers are used in the production of heat-resistant paper-like materials (particularly in aircraft building), in the production of multi-layer heat-and electrical insulation, are used in a number of special technologies. Thin fibers are used in filters and composite materials, the coarse fibers are used for reinforcing concrete products ref. [9] .
A promising basis for heat insulation materials and products are super-thin basalt fibers (BSTF). "Soft" heat insulation based on basaltic superthin fibers is a nonwoven stitched material in the form of the canvas, which consists of a set of staple basalt glass fibers with a length of 10 to 100 mm. In addition to "soft" materials on this basis, also "hard" products are produced in the form of slabs of different thickness and rigidity (from cardboards 5 -20 mm thick to slabs 30 -100 mm thick). As a binder they use bentonite clay.
In the field of developing technologies for the production of basalt fibers, materials and products based on them, as well as equipment for the hardware design of these technologies, the USSR took the leading place in the world, and the main role was played by scientists and industrialists of the Ukrainian SSR, in particular, the Institute for Material Science Problems of the Ukrainian SSR Academy of Sciences, Research Institute of fiberglass and fiberglass, etc. One of the reasons that it is Ukrainian science and industry that created this elite product it is the unique properties of Ukrainian basalts. These basalts are extremely promising for the production of super-thin fibers because the temperature range of their melt, at which stretching of the super-thin thread without its breakage is possible, is much higher than the similar index of basalts from other countries. That is, Ukrainian basalts are extremely valuable for the organization of production of super-thin fibers. The first industrial enterprises were created around Kiev (Ukraine).
Heat insulation products based on BSTF have practically no alternative in such industries as: energy (thermal, nuclear) shipbuilding and aircraft construction; wide selection of modern domestic heating boilers of low power; specialized systems in the construction, aimed at increasing the fire resistance of structures (cabins and elevator shafts, passive fire protection systems). Thermophysical properties, durability, resistance to low and high temperatures, vibrations, environmental friendliness and fire resistance, heat insulation products based on BSTF significantly exceed analogues. On the way of expanding their
application is a high cost, in which part of the energy carriers is more than 80%. Thus, the cost of production depends mainly on the economic efficiency of the heat-technological processes.
Duplex Technology for Production of Staple Super-Thin Basalt Fibers. Ways and Potentials of Intensification
BSTF is obtained as follows. The raw material is the basalt chippings of fractions of 5 -20 mm, which is mined in quarries. Basalt chippings is dosed in the basalt furnace, the furnace heated by burners on natural gas. With the help of furnaces, the following technological tasks are solved: melting of basalt chippings, which ensures their transition from the solid state to the liquid, and also the homogenization of the melt, which consists in removing microcrystals from the melt and converting the melt into an amorphous glassy liquid. This is necessary in order to avoid the fragility of the fibers, which in the presence of microcrystals appear in the subsequent stages of processing. So the homogenized amorphous glassy liquid passes gravity into the so-called feeder device, which is a ceramic container with a perforated bottom (the so-called spinneret), which is made of platinum-rhodium or special refractory alloys. To prevent the cooling of the glass melt, the spinneret is heated by an electric current. The melt streams are forcibly removed through the spinneret into the environment. Thus, due to cooling in air, so-called solid continuous primary filaments are formed in the form of cylinders with a diameter from 150 to 250 μm. Primary filaments are routed to the area of action of a flat high-temperature jet of natural gas combustion products, which has a speed of about 300 m/s. When the ensemble of primary filaments interacts with the high-temperature jet, there is a repeated melting and bloating to super-thin fibers that are deposited from the gas stream on the screen filter. A canvas of staple super-thin fibers is formed on the filter. Canvas is continuously or periodically removed from the filter. The basalt raw material undergoes melting two times, so the described multi-stage technology for obtaining super-thin fibers is called "duplex technology".
Features of Duplex Technology, Which Negatively Affect the Engineering-and-Economical Performance of Production
Integral negative indicator that interferes with the wide distribution of highquality heat insulation is its high prime cost. The high prime cost consists of a combination of costs, some of which can be considered objectively inherent in technology and such that it has no prospects for a significant reduction, and costs that can be reduced through intensification based on the introduction of innovative technical solutions for the technology and equipment.
The objective costs for the production of basalt fiber by duplex technology are the following.
Expenses for expert labor. The cost of electrical energy, which is supplied to the spinneret. They should be considered justified, since attempts to replace electricity with other energy carriers (natural gas) are not advisable because of the need for a very fine melt temperature control to ensure the ductile state that is necessary for the stable drawing out of coarse fibers.
Expenses for limited productivity of the spinneret. The high temperature level of the process of formation of coarse fibers does not allow many times to increase its productivity, using the traditional method for manufacturing of the glass fibers-increasing the geometric dimensions of the spinnerets and, accordingly, the number of fibers produced. Actions that in the adjacent industry lead to a multiple increase in the productivity of the coarse fiber production unit (2 -6 times) in the case of duplex technology are not applied due to the impossibility of organizing a long stable process of forming and drawing out fibers on the spinneret. One of the main reasons that causes the instability of the formation of coarse fibers is the creep phenomenon of the spinneret material. Thus, it is thermodynamically possible to reduce the specific energy consumption per unit mass of basalt fibrous materials, but this is technologically limited to the existing level of material science development, which causes over-expenditure of energy resources. In addition, spinnerets require periodic replacement due to destruction, and the costs of replacing them are beyond the competence of thermophysicists and constitute a task for materials science specialists. To the expenditure that can be significantly reduced through the use of innovative technical solutions include the following: − For raw materials (basalt chippings); − On structural materials (ceramic materials of furnaces, materials of spinnerets); − On the supply of compressed air to the burners (furnaces and blowing chambers); − On water for cooling; − For natural gas.
IET NASU together with IG NASU and LLC CE "Chernivtsi plant of heatinsulating materials" developed a new energy-saving duplex technology for the production of BSTF and the technological plant for its hardware implementation, which enabled the first stage of technology (production of the basalt glass) to reduce the specific consumption of natural gas in 4 times, at the second stage
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(melting and blowing of the coarse basalt fibers)-1.2 times. In relation to the final product-"soft" heat insulation-the specific consumption of natural gas has been reduced by a factor of 1.5. The prime cost of finished products is reduced by 1.2 times in relation to products manufactured in the technological plant of the first generation.
A new technology and equipment for the production of the slabs, in which BSTF act as raw material, has also been developed. In this technology, the specific consumption of natural gas per cubic meter of slabs is reduced by 1.3 -1.5 times.
Conducted fundamental researches and carried out with the application of their results the developments provide the technical and technological basis for mass production of "soft" and "hard" heat insulation products based on basalt fibers. But for the wide application of such heat insulation in the construction and reconstruction of buildings, it is equally important to use the optimal technical solutions for the arrangement of the basalt heat insulation layer in the conditions of the construction site with the obligatory provision of its mechanical and hydrotechnical protection for the entire service life.
Engineering-and-Economical Performance of Innovative Enterprises for the Production of Basalt Heat Insulation and Measures for Its Use in Construction
The practical solution of the problem of wide introduction in the construction of basalt insulation, which is very important, requires a systematic approach and the convergence of various fields of science, technology and industry with mandatory regulatory influence on the part of the state. It is necessary to coordinate the efforts of heat engineering, materials science specialists, construction heat engineers, architects, economists and the like. The feasibility study must necessarily cover the entire "chain" from the extraction of basalt crushed stone into the operation of finished heat-insulated structures, where the final result is achieved to save energy for heating. In the course of such a feasibility study it will be possible to optimize the entire process aimed at the final result-energy saving. So, for example, the rise in price of "hard" heat insulating materials in comparison with "soft" materials can be compensated by a reduction in the cost of work on the installation of heat insulation in building conditions, etc. It is important to note that Ukraine has significant advantages in organizing the production of basalt heat insulation due to the fact that the local basalts are exceptionally suitable for the production of fibers due to the ability of their melt to be in the ductile state in the wide temperature range. This is extremely important for the stable technological process of drawing out basalt fibers.
The new technologies and equipment allow the creation of innovative standard enterprises in a modular manner with the ability to regulate their productivity in accordance with local demand. Enterprises should be created with the understanding that it is much more economical to transport basalt raw materials with a density of 1600 kg per cubic meter than heat insulation with a density of 40 -Journal of Modern Physics 50 kg per cubic meter. Complete developments already made allow to achieve the cost of basalt heat insulation at such enterprises-due to a significant reduction in energy consumption-at a level that does not exceed the cost of flammable heat insulation is widely used today. Below are the planned technical and economic indicators of the second generation workshops for the production of basalt heat insulation (Table 2) , the specific indicators of the cost of heat insulation (Table  3 ) and the current information for assessing the economic efficiency of measures for thermomodernization of the enclosing structures of residential and administrative buildings (Table 4) .
Economic-Organizing Systemic Measures That Promote the Production and Wide Application of Heat Insulation Based on Basalt Fibers
In order to reduce the cost of energy consumption by significantly increasing heat-retaining properties with the use of long-term, ecological heat insulation, which simultaneously increases the fire resistance of structures, the following economic-organizing system measures are proposed that will stimulate both the production of such products and its use in construction.
Measures to stimulate production, for legal entities wishing to create new production capacities for the production of basalt heat insulation, are proposed: − To create such a subindustry of heat insulation production in the form of franchising, which will allow to maintain the constant connection of scientific institutions with enterprises by producers and quickly transfer practical experience and innovations.
Measures to stimulate production:
− With the aim of promoting broad use in construction and stimulating demand from users of the housing, it is proposed at the stage of state expertise of projects for buildings in which ecological heat insulation materials are used that do not contain organic substances and increase the fire resistance of structures, establish high safety and quality indicators; − Private developers who use such heat insulation materials provide targeted multi-year soft loans.
Conclusions
Regulatory measures are needed from the state aimed at the fact that technical solutions for heat insulation of facilities should not cause a decrease in their fire resistance, at least if it concerns residential or other facilities with people staying. A promising basis for heat insulation materials and products is super-thin basalt fiber (BSTF).
On the way of expanding their application is a high cost, in which part of the energy carriers is more than 80%. Thus, the cost of production depends mainly on the economic efficiency of the heat-technological processes. Engineering-and-economical performance of innovative enterprises for the production of basalt heat insulation and measures for its use in construction are presented.
